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We» AiyiBRXiCAN Machinb & Pouneby 
COMFAKY^ a ootporatian of the State of New 
Jetsqrj Unhed States of America, of 261 
Maduon Avenue, New Yoik 16, State of 

5 New TqeI^ United States of America, do 
hereby dedare tt^ hxvoidcm, for Mdh we 
pray that a patattt xnay be granted to vs, and 
the mediod by which it is to be perf armed* 
to be particulatly described In and by the 

10 following Btatemeot:--^ 

This invention rdattt to molded and other- 
wise shaped thermopla^c pn»hidB and speci- 
fically to those constituted of a phiraUty of 
different ion-exchange materials randomly 

15 mixed together. 

It is wen-known to make ^ped articles by 
mLdng together finely ground ion-exchange 
resms and a thermoplastic binder <"tH forming 
the mixtnre into an article such as a dieet or 

20 memfcocane. In ianown articles the iaoreschange 
material has been either anion or cation ex- 
change re^ but not a mixture of ha&n types. 
AlecSuanes made by holding togedMsr 
particles of resin with an inert himAi^r 

2S Known as heterogeneous and di^lay two dis- 
tinct phases m that the parddes can be pid»d 
mzt of w diBtmgiiishfd within the adlssive 
matrix. 

It is also known to make diaped artidss 
from a sbMe kind of ion-exchange material, 
sudi as ^tlon-exchange material, m ^cfa the 
material is in a single condnuotn phase. Gener- 
ally these are neai^ transparent. Sndi ardcles 
are canadfred to be homogeneous. 
35 lonn^Krhange materials are also known which 
are homogeneous thesmoplastic polymers. 
Graft copoj^mers of polyethylene ai^i siyrene 
Bulfanic add, for examp^ are formed as ion- 
exdiange partides whidi are pressed tog^her 
40 as sheets or membranes m Fatem Spec^- 
ti<m 926,477. 

Ftevioudy it has been known to make 
tbaped, artides oontainh^ ion-exdiange groups 
of ehher the catian-exdumge anion-exdnnge 



category, but prior to this invention no ah^ied 45 
artide was known containing random, niuttifdCs 
synthetic^ organic^ thermoplastic Idn-exdiange 
materials of bo^ categories. 

None of die prior ion-exchange manofac* 
tores have indided both anion and cation- 50 
cKhange properties. Such a comUnadcm <tf 
properties is useful in a battery s^eratoTj for 
exaiople. As m em br anes these nwrerials may 
also be used as nan-selective or low selectivity 
ion permeable barriers in dedxodialysis and 55 
in pre ss mc dialysis or in fuel cells. 

Aocording to the present invention we pro- 
^de a m^rad of making a composition of 
matter oompxismg mixing together at least 
two ion-exchange materinTs, one of is 60 

fwedominantly a cation-exchange material and 
anodier of v^hich is predominantly an anion- 
exchange matezial, and the ion^exdiange 
matepflls are organic polymers whidi are ion 
conductive in an ekctdc field, and at least 65 
one of said polymera is thermoplastic^ to form 
a random mixture and thereafter objecting 
said mixture to pressure at a temperature at 
which the thermoplastic tna terfsiT bonds die 
ion-ezdiangc materials together into an integral 70 
self-supporting mass. W&n partides of ioiv< 
exchange mixed polymicr materials are pressed 
together and heated, or are treated on the sur- 
face at least widi a solvesot which partially 
softens tiiem, tiiey may be f onned into osefid 75 
^ped artides. The structure of the artide is 
generally homogenous and shows a ooothmoos 
transhicent phaK. The attides themsdves may 
be further waped or wdded together to make 
larger fcoms; and <^eninp and cradks may 80 
be patdied by weMing. Ions of botii agns will 
be co nduc ted throa|^ the artides v/ixn, they 
Bit nsed as barriers between electrolyte solu- 
tions in an dectric fidd. By varying die pro- 
poortions of n^ative and podtive resin it is j)5 
possible to control ion transport sdectivdy. 

For the purpose of the invoition it is poa^ 
Bible to use any organic pol^tners which can 
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be mixed in pardcalate farm and caused to 
adhere fiogetiber to fonn a mechanicalfy 

The patcfeolflte material may have a medi 

5 sze of 15 to 75 United States of Ametka 
Standard mesh size 

The compoaitum is ion-conductive and may 
be ion-sdective iriien a prcprndezanoe of 
ehher cation or anion matmal is used to 

10 make xL Additional plasddzer, reinforcement 
Bodi as fibers, or dye material may be in- 
dnded in the composidan, but gqierally extra 
adhesive is not i^ed. Hovvever, idien pdy- 
ehjknc base ion-exdiange matedal is used, 

25 it is sonetunes useful to include a minor 
amount of odier polyolefin material such as 
tetrafluxnoethykDe in order to xmpan dxendcal 
stability or heat stability and ala) to diluce the 
exdiange capadiy. It is also useful to mk 

20 parades of differat polynier types such as 
polyethylene styrene sulfonic acid whh po|y- 
tetiaflunroeifa^^tene styzene sulfcmic add. Sudi 
a mixture cnmWnes ihe diemical lesistanne ci 
the fluoropolvmer and die eaoer bonding pro- 

25 paties of po^i^ylene. 

By a mediamcallv coherent random mix- 
toze is meant tliat the oonstitnent ingredients 
are associated with eadi other so that th^ 
hold together vn±om necessarily bdng 

30 arranged in any particular pattern and are 
sdf-supportinj^ in usefid shapes and sizes. 

A predominantly catian-achangq material 
may comnm soniff ankm-eschange groups in 
low propardon to cadon-excfaange groups and 

35 vice versa. 

The present invention xndndes only organic 
polymers as the ion-eiojiange material This 
material when used as a bdorier bmreen two 
aqueous dectrolyte solndons is ion-ciHidnctive 

40 when a direct electric current is impressed 
across it and the solutions. According, ion- 
exchange groims extend Throu^rout die 
material, amoe if th^ were pr^oit cmly in 
surface layers, the hiert intenor would blodk 

45 movement of ions and serve as an electrically 
msukting barrier. 

An int^ral self-soj^orting mass can be 
shaped and formed am is snhstantfally im- 
pervious to £uid ezcqyt for local swelling and 

50 ion dieU transpiHt inchiding for ezan^le water 
of hydration. The thermoplastic matoial seals 
the interstices between areas of ion-cKdiange 
material so diat fluid does not flow or difiitse 
therebetween. 

55 Euuxu I 

A cation-eschai]^ material Is made by 
pladng polyeth^ene reah paiddes of denary 
0.92 m sumoma'^rade styrene free tram poly- 
medsation wF l htiittw and contammg a catalyst 

60 viz. 0.05% benzoyl peroadde and hearii^ the 
suspendon at 75^C nntil the partides have 
hicieased in weight by about 25 per cent. 
Wl^rei^on tl^ particulate graft copolymer so 
fonoed is separated, from ti^ styrene, washed 

65 widi edq^ene didfloride^ and then treitted widi 



a 10 per coat sohirion of dilorosulfdnic add 
in etfa^ene dicfalmide at 25^ for two hoins. 
After a second washing in ethjiene dlddoride 
the partides ate air-dr&L and dien hydrolyzed 
in 5 per cent aqueous K)dium hydrmdde for 70 
about 18 hours. The caticai-ezdiange particles 
so formed are then washed in water aai dried. 

Asitm-aodiange material h made ton the 
same o^solymer by treatment <tf die cation^ 
exdiange matorial with 15 per cent staonic T3 
ddcnride and 5 per cent paraformaldehyde in 
diloromethyl metfiyi cdia* far one hour at 
75^, washing with ethylene did^k^id^ tr^- 
meut whh 20 pa cent aqueous trimeth^amine 
for 18 hourst, tollowed by wasUng widi 5 ^ so 
cent hydrodilodc add, and washmg wxh 
water. 

Material made according to spedficarion 
Patent 926,477 may be substituted for the 
above. 85 

Fhidy divided pieces of the two nuterials 
made above are air dried and then 10 parts 
of each are intermixed. The mixture is placed 
on one piece of fttiwiimiim foil, patted down 
to form a layer about 0.01 indies thid;, and 90 
covered whh another piece of aluminnm fofl. 
Hie wrapped layer is placed in a lab(»ratory 
pre© at 150X and then subjected to 1(XX) 
pd for two nimutes. A dear self-supporting 
flim of flexil^e anq>hoteric ion-ezdiange mem- 95 
brane is thus made. Pressure may range up to 
about ^SfiOO psz. 

Seven parts of the cation-eKchange material 
of Emnple ^ two parts of the anicm ex- 100 
change material of Exanqile I, and one part 
of polyediylene pallets of 0.92 den^ and a 
mdx index of 10 — ^15 are tfaoroi^y intei^ 
mixed and by the method ci Example I sob- 
fectedto lOOOpsifordireemhimesat 160°C 105 
in a mold to form a molded artide in the form 
of a disc having hdk9 and projectians for 
mechanical mounting. 

ExAMPUS m 

Seven parts of die cadon-exdonge material 110 
of Example I ^0 mesh) and three parts a 
ponnis po^^yrene quaternary amine ion-ex- 
diange resin available frmn the Kohm and 
Haas Co. of PhOaddplna, P^ as Ambedite 
gt^scered Trade Maik) IRA^Ol of about 115 
20 to 50 mesh are Aoro^dy mixed and sub- 
jected m 1000 pai fsxr five mmotes at 175^C 
by the mediod Ezanqsle I and formed hno a 

WHAT DECLAIM IS:— 120 
1. A method of maHng a CQnaposftran of 
matter conmrising mixmf together at least 
two ion-exchange materials, mie of \diich is 
(uedomhiaDtly a cadon-^change material and 
another cf vidddi is predominantly an anion- 125 
czcfaaqge material, and the ion-exdiange 
materials are organic polymers which are ion 
condiKtive in an electric fidd, and at least one 
of said polymm is thomoplasdc^ to fiorm a 
random niiixture aiui thereafter subiecthig said 130 
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wixtxttt 10 jxressnre at a teti]|)eratQre at 
vrtddx tiie llieQiiopIasdc matexial Unida the 
Jxanaxbsmt nwrmab togetfacr into an 

i A nttlM accardiDg to daim lin^rfiich 
the separate ian-ezdiasge materials are pro- 
videdmtbc farm of parses. 

3. A met^ according to any of the pre- 
cedmg claims vvherdn at least coe polymer is 
made by cfalonwulphonattng poJ^etJ^icQe par- 
tides that haye been treated with numomeric 
^zene and a catafyat 



4. A mediod acxxoding to any of the pre- 
cMipg claims in wMch tte xnt^ral Belf-nq>- 
porting mass is shaped into a iGIm to form an 
lott-exchange mcmlsane. 

5. A method as claimed m chum 1 substan- 
tialt{r aa herdnbefore described. 

For the Applicants: 
MATTHEWS, HADDAN & CO^ 
Chartered Patent Agentsu 
31/32, JBedford Street Strand, 
Xiondon, 
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